Surgical and traumatic wounds develop hypertrophic scarring when exposed to lengthwise stress. The length-control suture (LCS) technique, in which a suture is passed in a closed-loop beneath the wound and anchored to the underside of the dermis, thereby pulling the apices inward, protects wounds from these forces and also limits the formation of dog-ears. Between 2006 and 2009, a retrospective review was performed in 230 consecutive patients who underwent wound closure with the LCS technique by a single surgeon. Wounds were evaluated at 6 weeks and 6 months. In 223 cases (97%), the technique resulted in a scar that was thin, soft, and flat. There were 6 cases of spitting and 1 case of hypertrophy. The LCS technique is useful for a wide variety of surgical and traumatic wounds across all anatomic regions. This technique if used results in scars that are reliably flat, thin, and supple within 6 months.
INTRODUCTION
Much has been written about the cause and prevention of hypertrophic scarring after dermal injury. An excellent review article by Mustoe et al summarized the recommendations of an international panel regarding the subject. 1 In addition, numerous articles have studied the causes of hypertrophic scarring at the cellular and biochemical levels. 2 Whatever the cause at the microscopic level, clinical modifications of healing tissue at the macroscopic level have yielded variable success. Treatment methods studied include topical modalities such as silicone gel sheeting and zinc, external compression via elastic garments or splints, surgical excision, corticosteroid injection, cryotherapy, chemotherapy, ultrasound, laser treatment, irradiation, 1,3 and the application of paper tape. 3, 4 In an effort to elucidate the cause of hypertrophic healing, many studies have focused on the suture material itself, comparing absorbable sutures such as polyglycolic acid or catgut with nonabsorbable materials such as silk, nylon, or polypropylene. [5] [6] [7] [8] Additional studies compared absorbable sutures with other absorbable sutures (polyglactin and polydioxanone), 9 and nonabsorbable sutures with other nonabsorbable sutures (polybutester and nylon). 10 The majority of these studies report minimal difference in scar outcome with respect to the suture material used, and instead attribute the largest variation in hypertrophy rates to incision location and orientation.
It is well known that surgical and other traumatic wounds typically develop hypertrophic scarring when exposed to lengthwise stress during the initial phases of healing. 3 If a wound lies parallel to a natural skin flexion crease, it will generally not hypertrophy. However, wounds that cross flexion creases tend to thicken. In many anatomic regions, stretching of the skin occurs in several different directions, making it difficult or impossible to place the incision precisely in a skinfold. The use of paper tape, applied longitudinally over such wounds, has been shown to limit the lengthwise stretching, with a resultant reduction in the occurrence of hypertrophic scarring. 3, 4 Similarly, prevention of facial muscle movement (and therefore facial wound stretching) by means of subjacent botulinum toxin injection has been shown to improve scar outcome in facial wounds. 11 Suture technique has been examined as well, although not as extensively as suture material. Both intracutaneous butterfly sutures and modified vertical mattress sutures have been used to improve scar outcome. 12, 13 However, with these methods, as with conventional suture techniques, the pattern of suture placement has never been one that would impart a strict limit to the amount of scar elongation allowed, as the sutures were always placed in a zig-zag or ladder-rung pattern.
Because all such suture patterns, whether placed in a simple interrupted, continuous intradermal, or locked intradermal pattern, do allow some accordion-type stretch of the wound, an altogether different technique of suture placement is necessary to impart a strict limit on wound elongation. Just as paper tape applied to the external surface of a healing scar prevents virtually all longitudinal stretching, a suture technique applied from the undersurface would need to impart the same absolute limitation on stretching from underneath so as to minimize scar hypertrophy. Therefore, with this goal in mind, a new suture technique was devised: the "length-control" suture. With this technique, a suture is passed directly from one end of the wound to the other in a closed loop, without holding any tissue in between ( Figs. 2A, B ). It is firmly anchored to the undersurface of the dermis just beyond both apices of the wound and pulls them toward the center of the defect (Fig. 2C ). As an added measure to insulate the length-control suture (LCS) from the surface, the knot is placed at the center of the defect, where it can be securely covered by an additional 2-layer closure ( Fig. 2D ). Even the deeper layer of this additional 2-layer closure is placed completely superficial to the entirety of the LCS. By using the LCS technique, wounds are protected from lengthwise stress, and therefore, are protected from the forces that lead to hypertrophic scarring.
MATERIALS AND METHODS
To evaluate this method, a retrospective review was performed of 230 consecutive patients who underwent wound closure with the LCS technique by the senior surgeon (R.S.R.) between 2006 and 2009. Incisions were closed with Panacryl (Ethicon, Inc, Somerville, NJ) or PDS II (Ethicon, Inc, Somerville, NJ) and examined at 6 weeks and 6 months for signs of scar hypertrophy or widening.
RESULTS
The LCS technique was used to close 230 incisions, including 186 primary procedures and 44 scar revisions. Of these, 41 were on the thorax, 38 were on the extremities, and 151 were on the head and neck.
The majority of scars exhibited signs of softening by 6 weeks after surgery. In 223 cases, the technique resulted in a scar that was thin, soft, and flat within 6 months.
Scar widening occurred in 7 cases: there was 1 case of spitting of Panacryl after a sternotomy wound revision, when it was also used for closure of the subcutaneous tissue and deep dermis; there were 5 cases of spitting of other deep dermal or subcuticular sutures, all on the posterior thorax; and the remaining 1 case in which revision of a thigh scar did not result in a scar that was judged to be thin and flat, but no obvious cause could be determined. There were no instances of cellulitis.
DISCUSSION
An important factor in the LCS technique is the tension under which the suture is placed. When it is first tied, there should be a slight inward pull on the apices of the wound. As the deep dermal layer is then placed, one will note that the apices have become even more taught. This indicates that the LCS is already beginning to perform its function: preventing wound elongation. This inward pull will persist for weeks to months and FIGURE 1. A, A 48-year-old man underwent excision of a lipoma from the right side of his back, closed using a LCS of 2-0 Panacryl. Three weeks later, a dermatologist excised a nevus through a second incision, located several centimeters inferior to the previous one. B, With the illumination at an angle, the slight puckering of the wound from the LCS can be seen. C, Eight weeks after surgery, the superior scar remains narrow, while the inferior one is beginning to widen. D, Six months after surgery, the inferior scar has become softer and paler at the ends, but its center has widened. In contrast, the superior scar is soft, pale, and narrow throughout. The puckering is minimal.
FIGURE 2.
A, The first pass of the suture has been placed securely into the undersurface of the dermis just beyond one apex of the wound. The next bite of the suture grabs the deep portion of the dermis just beyond the opposite apex of the wound. B, The suture connects the 2 apices of the wound to each other. C, As the knot is tied, the 2 apices are pulled slightly toward the center. D, The knot is placed in the center of the wound to minimize the likelihood of exposure and extrusion. is the key to the LCS's effectiveness. As the scar matures, the pull will eventually disappear.
The tendency toward hypertrophic scarring may continue for a number of months after dermal injury. Therefore, the tensile strength of the LCS material must be maintained for this extended time interval. Although a nonabsorbable suture could be used, there would always be the possibility of late extrusion.
It is well known that various absorbable sutures maintain their tensile strength for different amounts of time (Table 1) . Therefore, when Panacryl was developed, it was evident that this material would provide the necessary characteristics to function as a LCS: its tensile strength is maintained for approximately 6 months, and it has the advantage that it will disappear eventually.
Panacryl, being a braided suture, certainly had the possible disadvantage of eventual "spitting." In fact, because of such untoward events, it was recalled as a "free" suture by the manufacturer in 2006 and is now only available attached to suture anchors. Early on in this series, Panacryl did "spit" on 1 occasion, but in this instance it was used not only for LCS, but also for closure of the subcutaneous tissues and deep dermis during revision of a sternotomy scar. Panacryl was used only for the LCS, and did not present any additional problems since then. As it was no longer available, after existing supplies were exhausted, a change was made to PDS II, with no significant change in results.
As the technique evolved, it became apparent that the inward pull of the LCS could provide an added benefit even in wounds that were not likely to develop hypertrophy: control of "dog-ears." If one observes the surface contour of a fresh defect after excision of a skin lesion before any sutures are placed, the topography of the area is relatively flat. However, once the deeper layer of skin sutures (ie, deep dermal sutures) are placed, dog-ears appear at each apex. Dog-ears can be minimized if the skin incision is extended, with the apices made more tapered. Alternatively, the dog-ears can be revised a number of months later, if necessary. However, these methods require either a longer scar or a second procedure. If the defect lies over a relatively convex anatomic feature, such as a cheekbone or a shoulder, the problem becomes magnified, because of the natural tendency of a sutured defect to assume a concave configuration (Figs. 3A, B ). Under such circumstances, even a longer scar or an additional procedure may not suffice to restore the proper convex shape.
By using an LCS, dog-ears can be pulled into the center, thereby minimizing their appearance (Figs. 3C, D) . Moreover, if the LCS is placed under slightly greater tension, a convex shape can even be created ( Figs. 4 -6 ). If one is unsure as to how much tension should be applied, the LCS can be left protruding from the wound (usually near 1 apex) and tied after the deep dermal sutures are placed. It is critically important, however, to push the knot of the suture down beneath the skin surface to prevent late extrusion. For such primary procedures, when only control of convexity and associated dog-ears are the goals, the LCS material can be polyglactin or a similar material. Obviously, for wounds on the face or nose, the suture material selected for the LCS should not be 2-0 in caliber. Rather, a suture of 4-0, 5-0, or even 6-0 absorbable material suffices. However, consideration must be given to the Strength Retention Profile data in Table 1 to ensure that the suture will retain its strength during the hypertrophic healing phase of the wound in question.
CONCLUSION
The LCS is useful for a wide variety of both surgical and traumatic wounds on the face, trunk, and extremities. This technique if used results in scars that are flat, thin, and supple within 6 months. Furthermore, the LCS allows for a single-stage procedure with minimal dog-ear formation and a scar of limited length, even over convex surfaces. A, A 53-year-old man suffered a traumatic wound to his right chest that became hypertrophic and then widened. B, At 7 weeks, the scar is already beginning to soften and become paler. The apices can still be seen slightly pulled inward.
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